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1. Introduction

This project was designed to test the idea that the plasminogen activated system (PAS) helps
small cell lung cancer cells to avoid immune surveillance and supports cancer progression. This
project has relevance to the “Understanding the molecular mechanisms of progression to
clinically significant cancers” initiative. We hypothesize that the plasminogen activation system
is involved in immune escape and immune suppression in SCLC by developing a protective
“coat” around the tumor cells, consisting of the plasmin, PAS and the fragments of the
immunoglobulin G (IgG)s, that are cleaved by Plasmin in CH1-CH2 n CH2-CH3 domains of Fc
fragments.
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3. Accomplishment

The major long term goal of this project is to develop new adjuvant immunotherapy of SCLC
capable of targeting tumor cells, establishing immune surveillance, and delaying or preventing
tumor recurrence. The plasminogen and plasminogen-activated system (PAS) including
Urokinase and the receptor for the urokinase plasminogen activator (UPAR) is correlated with
aggressive/metastatic disease in lung cancers [1, 2]. During this pilot study we tested our
hypothesis that plasminogen-activated system plays a key role in the aggressive phenotype of
small cell lung cancer by helping cancer cells to avoid immune surveillance and supports cancer
progression to metastasis.

To test for the ability of plasmin to cleave IgGs, we isolated plasminogen from human blood
samples.

To generate plasmin, the active form of plasminogen, we incubated plasminogen with the
enzyme urokinase (uPA). Glu-plasminogen was extracted from frozen blood of donors with the
affine chromatography method using Lys-sepharose 4B column at 4 C and ph 8.0. Next, we
used this activated plasmin to investigate its ability to cleave immunoglobulins (Figure 1). We
found that approximately 30% of immunoglobulins were cleaved by plasmin. Further studies,
with adjusted incubation parameters, need to be performed to determine if the majority of
immunoglobulins can be cleaved. If we find that truly only 30% of immunoglobulin can be
cleaved, what are the determining characteristics that control this process? Using plasminogen
as the antigen we further tested the ability of naive and cleaved immunoglobulins to bind to
plasminogen. Importantly, we found that cleaved immunoglobulins bind to plasminogen at a
rate approximately 5 times higher than that found for naive, not cleaved immunoglobulins.



We found that the binding capacity of cleaved immunoglobulins was associated with the
presence of the C terminal amino acid Lysine. The presence of C- terminal Lysine was
evaluated using carboxipeptidase A and ELISA to test for affinity to plasminogen. We quantified
plasma levels of plasmin, plasminogen and immunoglobulins and confirmed that the level of
plasmin, plasminogen, and immonoglobulins is significantly higher in plasma from cancer
patients than from healthy donors. Using tissue samples and immunohistochemistry we found
that the expression of plasminogen activating system (UPA, uPAR etc) is significantly higher in
tumor cells than in normal healthy cells and that coexpression of uPAR, plasminogen and
immunoglobulins was higher in cancer cells.

Next we evaluated small cell lung cancer cell lines that were generated from tumor samples of
the untreated patients with early stages of SCLC (DMS-114, DMS-53) and from the heavily
treated patients with the metastatic and drug resistant SCLC ( H69, H345 and H82). uPAR
receptors are critical component of the plasminogen activated system, binding of plasminogen
to UPAR is necessary for the activation of plasminogen to plasmin. The uPA receptor is
anchored to the plasma membrane, localizing the uPA system to the cell surface [3]. High
expression of UPAR on the invasive front of tumors facilitates invasion and other roles in cellular
migration [4]. Using flow cytometry methods we found that the expression of the uPAR
receptors was significantly higher in H69, H345, H82 metastatic SCLC cells, than in DMS-114
and DMS-53 cells (Figure 2). Using fluorescent activating cell sorting we isolated H69 cells with
low and high expression of uPAR on the cell surfaces. High expression of uPAR receptors was
associated with co-expression of DNA-PK (Figure 3). Next we cultured uPAR+ and UPAR - cell
in culture media supplemented with human IgGs (0.1mg/ml) for 1 hour and then determined
residual concentration of IgGs using column chromatography. We determined that uPAR-
positive cells accumulated a protective “coat” around them, whereas cells with no or low
expression of UPAR have a small amount of attached IgGs.

Summarizing, we have determined that tumor cells have a protective “coat” around them
(consisting of plasmin and the fragments of the immunoglobulin G (IgG)s, that are cleaved by
Plasmin) and that the more advanced SCLC cells have a higher expression of uPAR and of this
protective “coat”.

4. Changes/Problems

Because of the limited availability of SCLC tumor samples, we were not able to determine the
impact of the protective “coat” on SCLC immune surveillance. Therefore, we used slides of
frozen prostate tumor samples and immunohistochemical staining of IgGs to detect the level of
association with tumor tissues. As presented in Figure 4, tumor tissues were shown to bind
significantly higher amounts of immunoglobulin than normal tissues. These levels were
dramatically higher than was found bound to adjacent normal tissue cells.

5. Impact



The result of this project was the generation of an important new fundamental understanding
about lung tumor biology. Further studies may lead to development of novel therapeutic
approaches based on the dissociation of the protective “coat” from the tumor cell surface before
DC based vaccine preparation, or depletion of cleaved IgGs from patients’ plasma using
extracorporeal hemacorrection (plasmapheresis) before immune therapy.

6. Products

Results of the studies will be published. Manuscript is under preparation.

7. Participants

Pl: Vera V. Levina, PhD, Assistant Professor, Department of Medicine University of Pittsburgh,
Hematology/Oncology Division

Consultant: Mark Socinsky, MD; a Director of Specialized Program of Research Excellence
(SPORE) in Lung Cancer the University of Pittsburgh Cancer Institute (UPCI).

Investigators: Peng Zhang, MD, PhD- Research Associate, Department of Medicine University
of Pittsburgh, Hematology/Oncology Division Roberto Gomez-casal —Research Specialist,
Department of Medicine University of Pittsburgh, Hematology/Oncology Division

8. Special reporting requirements
None
9. References

1. LiY, Shen Y, Miao Y, Luan Y, Sun B, Qiu X: Co-expression of uPAR and CXCR4
promotes tumor growth and metastasis in small cell lung cancer. Int J Clin Exp
Pathol 2014, 7(7):3771-3780.

2. Liu KL, Fan JH, Wu J: Prognostic Role of Circulating Soluble uPAR in Various
Cancers: a Systematic Review and Meta-Analysis. Clin Lab 2017, 63(5):871-880.
3. Llinas P, Le Du MH, Gardsvoll H, Dano K, Ploug M, Gilquin B, Stura EA, Menez A:

Crystal structure of the human urokinase plasminogen activator receptor bound
to an antagonist peptide. EMBO J 2005, 24(9):1655-1663.

4. Montuori N, Pesapane A, Rossi FW, Giudice V, De Paulis A, Selleri C, Ragno P:
Urokinase type plasminogen activator receptor (UPAR) as a new therapeutic target
in cancer. Transl Med UniSa 2016, 15:15-21.



10. Attachments

Plasminogen
Human IgGs

Figure 1. Western blot analysis of cleaved IgGs generated by activated plasmin.

Plasminogen is the inactive precursor of trypsin-like serine plasmin. When it becomes
activated, it is converted to plasmin. The generation and activation of plasmin requires the
binding of urakinase (uPA) to plasminogen.

1. Plasminogen. 2. Plasminogen + human IgGs. 3. Plasminogen + uPA were incubated for 20
min and then IgGs were added to probe. 4. Plasminogen + uPA were incubated for 120 min
and then IgGs were added to probe. 5. Human IgGs

Human IgGs (1mg/ml), Plasminogen (500mg/ml), uPA (300 ed/ml). 20 ml probes of proteins
were used.
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Figure 2. Flow cytometry analysis of the expression of uPAR receptors in SCLC cells.
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Figure 3. Confocal microscopy images of H69 SCLC cells with low and high level of uPAR
receptors expression. Representative images of uPAR"" and uPAR"9" cells stained with DAPI
(nucleus, blue), with Alexa488 conjugated anti uPAR antibody (green) and anti DNA-PK
antibody conjugated with Alexa687 (red).




Figure 4. Immunohistochemical staining of immunoglobulins in human prostate cancer
samples from 2 patients. Representative images of peroxidase labelled IgGs are shown. Low
expression of IgGs in healthy tissue cells (A), while tumor tissue cells “accumulate”
immunoglobulins (B).



